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Abstract. A model is presented for the prediction of the heat transfer coefficient (HTC) at the 
casting-die interface as a function of time for the high pressure die casting process. Contact 
geometry and interface characteristics are included in the model through die surface roughness, 
the mean trapped air layer between the casting and the die, the parameters of area density and the 
radius of contact spots. The density and the radius of contact spots are integrated into a classical 
thermal flux tube theory in order to calculate HTC at the casting-die interface. The time 
dependence of the HTC is derived in terms of the degradation of contact between the casting and 
the die that occurs during solidification. The calculated HTC is found to agree well with the 
experimentally determined results for different casting conditions. The presented model provides 
a valuable tool to predict the effect of various casting process parameters, die surface roughness, 
casting quality and thickness on the HTC during the high pressure die casting process. 
Keywords: High pressure die casting, Heat transfer, Thermal contact resistance, Roughness. 
PACS: 44.05.+e , 47.50.Cd, 44.10.+I, 44.90,+c. 
INTRODUCTION 
High pressure die casting (HPDC) is a versatile process for producing engineered 
metal components by forcing molten metal under high pressure into a reusable steel 
die. It is a mass production process suitable for producing large numbers of near net 
shape complex, thin walled components. The efficiency of the process and the 
formation of microstructure in cast components are highly dependent on the heat 
transfer processes that take place during solidification. During the last decade, the use 
of numerical simulation to predict the die filling and solidification processes has 
become an important development in foundry technology and cast product 
developments. The effectiveness of the simulation is dependent on the accuracy of the 
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Interfacial Heat Transfer Coefficient (HTC) data at the casting-die boundary used as 
boundary condition. 
It is well known that the effectiveness of the heat transfer processes is limited by 
the nature of the casting-die interface in HPDC [1]. Furthermore, when liquid metal is 
brought into contact with a solid substrate, the contact between them is not perfect [2, 
3]. This poor contact results in a resistance to heat transfer known as a Thermal 
Contact Resistance (TCR) at the interface. The heat transfer coefficient (HTC) is 
simply the inverse of the TCR. 
Whereas modeling of TCR in the case of solid-solid contact has been the subject for 
several investigations during the past half century [4-8], there is very limited literature 
available for the case of liquid-solid contact. A few investigations [9, 10] reported for 
liquid-solid contact provide a limited understanding to the actual TCR. Furthermore, 
these two mentioned investigations don't concern the contact conditions between 
castings and dies in HPDC. The goal of the present paper is to develop an analytical 
model to predict HTC at the casting-die interface during solidification of cast metals in 
the HPDC process. 
GEOMETRICAL AND MECHANICAL ANALYSIS FOR THE 
CASTING-DIE INTERFACE 
It is well known that the die surface is not smooth at a microscopic scale and the 
asperities on the surface usually follow a normal (Gaussian) distribution over the 
surface. When a liquid metal is suddenly brought into contact with such a rough 
surface, air is entrapped inside the valleys between the asperities [3, 9]. In fact the 
only real contact occurs at the areas around the top of the asperities. The projected 
surface area of the true contact represents a fraction of the apparent contact area. The 
heat flux is then constricted by this interface and can only pass through these real 
contact areas. Figure 1 shows the modeled contact geometries between the liquid 
casting and the rough surface of the die. 
Mean plan 
' >• mm 
FIGURE 1, Normalised profile of the casting liquid -die contact (vertical scale exaggerated). 
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In order to give a description of the geometrical and mechanical aspect of the 
contact, the asperities are assumed to be conical and have similar slopes. 
As the surface is Gaussian, the distribution of the asperities over the surface of the die 
follows the normal probability or <p(y) from which the mean radius of the circular 
bases (bs) can be determined from the following Equation: 
bs=-]y<?>(y)dy=^L- (1) 
m
 yi0 4lnm 
From this result, the mean slope (m), a parameter that is never measured can be 
evaluated with Eq. 2 involving the peaks height standard deviation (RMS)(o) and the 
average peak distance (Rsm)-
(2) 
2 ^ ™ 
When the liquid metal is in contact with the die, the equilibrium between entrapped 
air pressure and the surface tension of the liquid on one side and in-cavity pressure 
(Pi) on the other side determines how the air layer squeezes into the valleys between 
asperities [3]. The mean thickness of the entrapped (J) air is determined using the 
ideal gas law by Eq. 3 since we determined that surface tension was negligible. 
Where T0 is the initial air temperature and Ti the temperature of the entrapped air 
(assumed to be an average value between die and melt surface temperature), Po been 
the initial pressure in the die and Ra is the arithmetic average of the absolute values of 
the measured profile height deviations. 
From the normal probability function, the density of the contact spots (ns) and the 
mean contact radius (as) are determined by the following Equations as a function of Y: 
1 (
 ^ lerfc(/l) (4) 
2.5;r K^+Rlj 
- - ^ e x p ( - A 2 ) - ^ e r f c a ) (5) 
Where, X = Y/j- is the dimensionless entrapped air thickness. 
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THERMAL ANALYSES 
The heat flux tube theory [4] is employed in order to determine the HTC at the 
casting-die interface as given by Eq. (6). The contact condition illustrated in Figure 1 
corresponds to the first stage of contact when the casting is still liquid. In this stage, 
the liquid spreads well over the die surface. Therefore Y is at its minimum. 
Consequently, Eq. (6) yields the maximum value of HTC (hmax) for a given set of 
contact conditions. The assumptions that have been made are in fact common in most 
existing thermal contact resistance models, particularly for those models in which the 
thermal constriction resistance of the flux tube were employed. Among them, radiation 
and convection heat transfer are neglected, contacting surfaces are assumed to be 
clean, the casting and the die are isotropic, thermal conductivity and physical 
parameters are constant, steady-state heat transfer at microcontacts, etc. 
2ksasns 
max ,
 A i i V " / 
Where, ks = 2kjc/ (kc+ k^ is the effective thermal conductivity and kc and kd are 
respectively the thermal conductivity of the casting and the die. 
VARIATION OF H T C W I T H TIME 
Based on the experimental results reported by the present authors [2, 3, 11], the 
variation of HTC with time is mainly linked to the degradation of contact between the 
casting and die surfaces during solidification. In other words, development of solid 
fraction with time of solidification (fs) results in decreasing ns and as and hence, the 
HTC. This can be modelled by assuming that Y increases with the fraction solid. As 
the contraction of metal by solidification is linear, the increase in Y with time can be 
expressed as following: 
Y(t) = Y + Bf,(t) (7) 
Where, B is a constant which characterises the layer of solidified alloy. It is 
determined from the following relation ship: 
B = j[R-X)\^K (8) 
Based on the thermal analyses reported in [1], the development of the fraction solid 
with time is approximated by the following Eq.: 
fs(t) = Ksx^^t (9) 
Where ps is the density of solid casting, H is the latent heat of fusion of the alloy, St 
is the casting thickness, TM is the temperature of the melt. 
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Substituting Eq. (3), (8), (9) in (7) yields to: 
™-M*+(sR L ( 2"kI ,.. , 
By replacing Y by Y(t) in Eq. (4) and (5), ns(t) and as(t) are determined. Using these 
in Eq. (6) yields to time dependant HTC (h(t)) at the casting-die interface. 
RESULTS 
The roughness parameters of the die and other experimental data used in experimental 
investigation which has been reported in [11] are given in Tables on Figure 2 and 3. 
Figure 2 shows the modelled and experimental HTC for high pressure die cast AZ91D 
and an Al-9%Si alloys. There is good agreement between the experimental and 
modelled values for the HTC for both alloys. 
t(s) 
FIGURE 2, Variation of HTC as a function of FIGURE 3, Variation of HTC as a function of 
time for both the AZ91D and Al-9%Si-3%Cu alloys.
 t ; m e for different values of Rsm 
One of the outcomes of the model is that the HTC in liquid-solid contact is strongly 
affected by the roughness parameter Rsm, as illustrated in Figure 3. Moreover we 
noticed that changing Ra in the classical range of 1 to 5 microns (in machining) 
doesn't change the HTC very much. In fact we observed that Ra on its own would 
have an effect, but in practice Ra and o always change together in usual machining 
conditions of the surfaces. In our equations Ra and o have opposite contributions to the 
as and ns, which makes their respective effects on HTC vanish. 
Furthermore, the effect of several process parameters has been studied using the 
present model. There was a good agreement between the experimental results and 
those reported in the literature. For example, Figure 4 (a) and (b) show the effects of 
the initial die temperature and of the in-cavity pressure on the peak value of HTC as 
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FIGURE 4, (a) The effect of initial die temperature and (b) in-cavity pressure on the hmca during 
HPDC of Al-9Si-3Cu alloy 
CONCLUSION 
An analytical model has been developed in order to predict the time varying heat 
transfer coefficient at the casting-die interface for the HPDC process. The model give 
good fitting and it is expected to give a good prediction of the interfacial HTC with 
time as a function of die surface roughness and process parameters. The results of 
model showed fair agreements with the available experimental data. The results 
showed that in liquid-solid contact, the governing roughness parameter on the heat 
transfer is Rsm parameter rather thani?a. 
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